eral Scp1 variants with N-terminal truncations. A variant
Overall Structure Scp1 forms a central, 5-stranded, parallel ␤ sheet with lacking 76 N-terminal residues (Scp1⌬N) was highly soluble and crystallized with a plate-like morphology. Althe strand order 3-2-1-4-5, flanked by two ␣ helices on one side and a two-stranded ␤ sheet and a short 3 10 though these crystals were only about 5 m thick, they diffracted synchrotron radiation to better than 2 Å resohelix on the other side ( Figure 1 ). The signature motif is located at the end of strand ␤1 and, together with other lution. The X-ray structure was determined by multiwavelength anomalous diffraction with the selenomethiconserved residues, lines a central depression that forms the active site of the enzyme. Although there is onine-substituted double methionine mutant L165M/ L205M of Scp1⌬N (Table 1 ). The structure was refined no sequence similarity outside the signature motif, a DALI search (Holm and Sander, 1995) revealed that the at 2.3 Å resolution, has very good stereochemistry, and reveals chemical details.
core fold of Scp1 largely corresponds to that of phos- The Scp1 structure shows that 7 of these residues, instructural similarity of the FCPH domains of Scp1 and cluding 3 residues in the signature motif, cluster in the Fcp1 is reflected in similar enzymatic properties, alcentral depression and form the active site (Table 2 , though Fcp1 has slightly higher catalytic activity. Figure 4 ). The remaining 4 residues are not found in the active center depression and are involved in salt bridges or hydrophobic core interactions; based on these findSpecific Inhibition To investigate the catalytic mechanism, we tested the ings, we predict that their mutation disrupts the domain structure (S. pombe Fcp1 residues R223, Y237, Y249, effect of various inhibitors of phosphoryl-transfer reactions on the activity of Scp1⌬N and Fcp1c ( Figure 3B ). and D258, corresponding to Scp1 residues R132, F164, Y158, and D167, respectively; Figure 1B ). The 7 active Phosphatase activity of both enzymes was essentially abolished by the beryllofluoride anion BeF 3 Ϫ , produced site residues generally superimpose well with corresponding residues in structures of other enzymes of the in situ from BeCl 2 and NaF. In contrast, BeCl 2 or NaF alone did not have a strong effect on activity. The inhibi-DXDX(T/V) superfamily ( Figure 4C ). In the case of K190, the counterpart residues in PSP and PGM protrude from tory effect of AlF 4 Ϫ was less severe, and sodium vanadate only inhibited activity slightly. Magnesium ions different locations of the protein backbones, but functional head groups occupy the same position. This is were essential for activity. The data indicate the pres- Figure 4C ). Figure 1B) . The insertion domain of Scp1 forms a 3-stranded ␤ sheet, and Rpb4/7 complex, and subjected the samples to size exclusion chromatography. In both cases, two sepasequence conservation indicates that it must be similar in Fcp1, except for the two loops of the sheet that are rated peaks were obtained. In the absence of Rpb4/7, the first peak corresponded to the Pol II core alone, and longer in yeast Fcp1 ( Figure 1B) . The insertion domain of PSP, ␤-PGM, and HAD is involved in substrate bindthe second peak contained Fcp1c. In the presence of Rpb4/7, however, the first peak contained all 12 subunits ing, but it has a totally different structure (Figure 2 Consistent with CTD binding to the specificity pocket, differences between Fcp1 and Scp1, but further studies are required to analyze these. S. pombe Fcp1 activity requires at least four N-terminal and two C-terminal CTD residues flanking phosphoserRpb4/7 is located directly adjacent to the last ordered residues of the largest Pol II subunit, which form the ine 2, and single alanine mutations of the flanking Tyr1 and Pro3 decrease activity 6-fold (Hausmann et al., beginning of a linker to the disordered CTD, and may therefore recruit Fcp1 to the phosphorylated CTD (Fig-2004) Hofstee (see Figure 3A) . To obtain the molar extinction coefficient mM imidazole and, in the case of full-length Scp1, was further puri-⑀, a standard curve was determined by measuring the absorbance fied by anion exchange chromatography (MonoQ, Amersham). The at 405 nm of known pNP concentrations (Sigma) in the assay mixcolumn was equilibrated with buffer B (50 mM NaCl, 50 mM Tris ture. This plot was linear between 5 and 150 mM pNP and yielded [pH 7.5], 5% glycerol, 3 mM DTT), and the protein was eluted with ⑀ ϭ 18,300 (M ϫ cm) Ϫ1 . To study the effect of various inhibitors on a gradient of 10 column volumes from 50 mM to 1 M NaCl. After phosphatase reactions, 100 l reaction mixtures containing 10 mM concentration, the sample was applied to a Superose-12 HR gel pNPP and additional different phosphatase inhibitors were incufiltration column (Amersham) equilibrated with buffer C (150 mM bated for 30 min at 37ЊC and quenched with 900 l 1 M sodium NaCl, 10 mM HEPES [pH 7.5], 3 mM DTT). Pooled peak fractions carbonate, and the amount of released pNP was determined by were concentrated for crystallization to 20 mg ml Ϫ1 . Variants of measuring the absorbance at 405 nm with the use of the pNP stanSaccharomyces cerevisiae Fcp1 were obtained by PCR amplificadard curve (compare with Figure 3B ). tion of the corresponding regions in the gene from yeast genomic DNA and were subcloned into pET21b (Stratagene). Expression and Reconstitution of a Pol II-Fcp1 Complex purification of variant Fcp1c (residues 168-606) were performed For reconstitution of a Pol II-Fcp1 complex, a total of 0.5 mg of 10-essentially as for Scp1. The variant Scp1⌬N, comprising residues subunit core Pol II in 40 mM ammonium sulfate, 10 M zinc chloride, 77-261, with a C-terminal HisTag was subcloned into pET21b (Stra-5 mM HEPES [pH 7.3], and 5 mM DTT was incubated with a 5-fold tagene), expressed in E. coli, and purified as described above, but excess of recombinant Rpb4/7 subcomplex at 20ЊC for 45 min, without the anion exchange step. For MAD phasing, the Scp1⌬N followed by a 5-fold excess of Fcp1 with respect to Rpb4/7 and an mutant L165M/L205M, which contains two additional methionines additional incubation of 2 hr. The Pol II-Fcp1 complex was separated at positions of conserved hydrophobic residues, was constructed from free Rpb4/7 and Fcp1 by gel filtration on a Superose 6 column with the PCR overlap extension method, and selenomethionine was (Amersham). Pol II and Rpb4/7 were prepared as described (Armincorporated as described (Meinhart et al., 2003) 
